Water safety plans (WSPs) are endorsed by the World Health Organization as the most effective method of protecting a water supply. With the increase in WSPs worldwide, several valuable resources have been developed to assist practitioners in the implementation of WSPs, yet there is still a need for a practical and standardized method of evaluating WSP effectiveness. In 2012, the Centers for Disease Control and Prevention (CDC) published a conceptual framework for the evaluation of WSPs, presenting four key outcomes of the WSP process: institutional, operational, financial and policy change. In this paper, we seek to operationalize this conceptual framework by providing a set of simple and practical indicators for assessing WSP outcomes. Using CDC's WSP framework as a foundation and incorporating various existing performance monitoring indicators for water utilities, we developed a set of approximately 25 indicators of institutional, operational, financial and policy change within the WSP context. These outcome indicators hold great potential for the continued implementation and expansion of WSPs worldwide. Having a defined framework for evaluating a WSP's effectiveness, along with a set of measurable indicators by which to carry out that evaluation, will help implementers assess key WSP outcomes internally, as well as benchmark their progress against other WSPs in their region and globally.
INTRODUCTION
The World Health Organization (WHO) defines water safety plans (WSPs) as the 'use of a comprehensive risk assessment and risk management approach that encompasses all steps in water supply from catchment to consumer', and promotes them as 'the most effective means of consistently ensuring the safety of a drinking-water supply' (WHO ). WSPs are currently being implemented in contexts as diverse as Australia, Uganda, Canada and Jamaica; with such widespread adoption, there exists a need for a straightforward means of evaluating WSP implementation and measuring their effectiveness.
The US Centers for Disease Control and Prevention (CDC) published a conceptual framework for the evaluation of WSPs as a means of standardizing the way that they are evaluated worldwide (see Figure 1 ; Gelting et al. ) . The framework focuses on a WSP's outcomes and overall impacts, and is designed specifically to support existing WSP evaluation tools, such as the Water Safety Plan Quality Assurance Tool developed by WHO and the International Water Association (IWA) (WHO/IWA ). The framework presents four principal categories of outcome that represent the changes that occur from WSP implementation: institutional, operational, financial This paper is in the public domain: verbatim copying and redistribution of this paper are permitted in all media for any purpose, provided this notice is preserved along with the paper's original DOI. Anyone using the paper is requested to properly cite and acknowledge the source as Journal of Water, Sanitation and Hygiene for Development 4(1), 171-181. and policy changes. In order to apply this evaluation framework, there is a need for a set of simple and measurable indicators that specifically assess outcomes in the WSP process. Utilities Network (SEAWUN). These partners conduct benchmarking activities among regional water utilities, and their data contribute to the IBNET global database (available at www.ib-net.org). While all of these resources are valuable for water utilities in various contexts, there is no existing set of standardized indicators to evaluate water safety plans in particular. There is still the need for a list of simple and measurable indicators that apply specifically to WSP outcomes. Impacts from WSPs, such as improved water quality and health, have been documented in a limited number of cases (e.g. Dyck et al. ; Gunnarsdottir et al. a) ; however, these impacts often take a long time to become apparent and can be difficult to measure. In addition, impact evaluation typically requires surveillance data or expensive studies that may not be feasible in many locations.
Therefore, we instead focus on evaluating outcomes because they are a necessary 'intermediate change' that then results in impacts such as water supply and health improvements. Outcomes from WSP implementation have also been more widely documented (Gunnarsdottir et al. b, Gelting et al. ) . Evaluating the proposed outcomes will help to demonstrate the positive effects from WSPs without requiring the extensive surveillance, studies and time necessary to show impacts such as improved water quality and health (Gelting et al. ) .
In this paper, we aim to operationalize CDC's conceptual framework for evaluating WSP outcomes by presenting a set of specific, measurable and standardized indicators that are applicable to various WSP contexts worldwide. These indicators were selected as practical, straightforward tools that WSP teams, water utilities and regulatory agencies of any size or stage of development can use to evaluate the outcomes of the WSP process. The indicators are designed to be clear and simple enough to be easily measured using data that the water utility or other participating organizations involved in WSPs may already collect for their own records. These indicators would not only facilitate the evaluation of individual WSP programs, but they would also permit benchmarking between multiple WSP initiatives, further incentivizing and increasing the effectiveness of implementing organizations (Alegre et al. ; Vieira ) .
The purpose of this paper is not to provide an exhaustive listing of all possible indicators that could be used to measure WSP effectiveness; rather, it is to offer a core list of indicators that are relevant and applicable to the multiple contexts in which WSPs are implemented. Chosen specifically to evaluate WSPs rather than water utilities in general, these indicators will measure the four outcome areas in CDC's conceptual framework for WSP evaluation.
METHODS
CDC's conceptual framework for WSP evaluation identified four categories of outcomes; the changes that are expected to occur within these four outcome areas are listed in WSP teams and other evaluators can choose and adapt those indicators that will be most beneficial to them in their specific contexts.
RESULTS AND DISCUSSION
The proposed indicators are presented in bold lettering and explained in terms of the relevant outcomes they will measure. 
Institutional outcomes

Increased communication and collaboration
The formation of a complete WSP team itself is a vital first step to the WSP process because it brings together relevant stakeholders to discuss, devise and implement steps to ensure the safety of a water supply. As with any group, communication and collaboration might not occur immediately but instead develop over time. The following areas of focus for evaluating increased communication and collaboration were loosely developed, in part, from the network level of effectiveness criteria presented by Provan & Milward () . However, as discussed above, these indicators are designed to be practical rather than comprehensive, so many of them are simplified and process-oriented. One aspect of a team's development is the institutionalization of the WSP team and process. The existence of inter-institutional agreements or scopes of work related to drinking water are instrumental in two important ways. First, these documents reflect the legitimacy of the WSP team to carry out its activities. Second, these interinstitutional agreements formalize and solidify the relationships between WSP team members or other entities involved in activities related to water supply. Relationships among various participating entities may be tenuous at first and take time to build trust; inter-institutional agreements help to build and strengthen the team and the WSP process.
The production of a WSP team work plan is indicative of greater collaboration and is useful as a baseline record by which to evaluate the team's progress as it moves towards meeting its goals. The work plan provides the structural mechanisms for the coordination and administration of the WSP teamfor example, decision-making processes rules and regulations, management structures and resource allocation. The work plan can provide a clear measure not only of the team's effectiveness, but also of its operation and development. 
Improved knowledge and attitudes
The existence of a comprehensive description of the water supply system and the identification of actual and potential hazards represent the compilation and documentation of dispersed institutional knowledge. This knowledge is then centralized within the WSP team or the water utility. Periodic review of the WSP document, can be utilized to assess employee satisfaction.
Increased training
Increased training is the most tangible concept within the expected institutional changes, and its measurement is are described in the following sections.
Improved system infrastructure
There are various points in a water system where a water utility may identify needed infrastructure improvements, ranging from water sources, storage, treatment to distribution. The indicators discussed here were selected as examples because they can be measured simply, often with information that a water utility may already be collecting for its own records. They also clearly demonstrate improve- Tracking the percentage of water losses per system input volume is also an effective indicator of infrastructural improvements in the system. Reducing water losseswhich include leaks as well as illegal connections to the systemcan often be a low-cost, effective method by which a utility can increase its system capacity. Thus, diminishing these losses over time can indicate that the system has undergone preventive measures and infrastructural improvements.
There is no specific IWA indicator for measuring total water losses as a percentage; however, the IWA variables A15 (Water losses) and A3 (System input volume) can be used to simply calculate this indicator. Alternatively, IWA and IBNET both include indicators for non-revenue water by volume that could be measured (see Table 2 ). Although these are financial (vs. operational) indicators, they provide easy and straightforward ways to measure water loss.
In some contexts, water metering is not well established.
In these cases, an additional sign that a water utility has undergone improvements and is moving towards sustainability is the installation of water meters. Water meter installation can be used as a better alternative to fixed or tiered tariffs for water services. Therefore, tracking customer metering level/density indicates improvements to the water system.
Implementation of improved procedures
In response to operational and infrastructural weaknesses identified throughout the water system through the WSP process, the water utility should develop and implement more streamlined methods of operation and risk reduction One way to measure this indicator is to track the implementation and frequency of key operations within the system, such as the number of inspections of physical assets that are conducted, the number of required maintenance activities that take place, and the number of times the system's equipment is calibrated. It is possible to calculate these measures on a yearly basis, but this is flexible based on the capacities of the water utility staff.
For some water utilities, an appropriate measure may be the number of sanitary inspections that are conducted to examine water infrastructure, as this is a key activity for reducing contaminant loads in water before treatment. In addition, the water utility can measure improved operational monitoring of water quality before treatment, at the treatment works, and within the distribution system. the absence of customer complaints may not always indicate that the utility is functioning well; in some cases, customers whose complaints are habitually ignored or unaddressed by the water utility may simply stop complaining because they believe they hold no influence. Then, as a utility improves its operations, complaints may initially increase as customers feel the utility is more responsive. Therefore, using customer complaints as an indicator of improved operating procedures is only recommended if the WSP's context is taken into consideration. It is important to analyze trends in this indicator over time rather than at any discrete point, so as to fully understand the pattern of customer complaints within the context of that water utility (Alegre et al.
).
Financial outcomes
A WSP's effectiveness is partly assessed by the financial changes that occur within the water utility. Expected financial outcomes discussed in the CDC's evaluation framework include reductions in costs, increased cost recovery due to clients' greater willingness to pay for improved services, and an increase in either local investments and subsidies or external donor support (Gelting et al. ) . IWA and IBNET have compiled many standardized performance measurement indicators related to finances. A selection are presented and discussed below.
Cost savings
An increase in cost savings is identified by the unit total costs, which indicates the costs of the water utility during a set period of time. Tracking this indicator during the course of WSP implementation may help to identify costs savings resulting from the WSP process.
Cost recovery
Tracking It should be noted that the outcomes discussed here refer only to financial changes that occur within the water utility and affect its financial status. Financial changes that the utility's clients experience as a result of the WSP are better classified as impacts, because they reflect socioeconomic effects on consumers. For example, access to an improved and affordable water supply system can reduce consumers'
opportunity cost for such behaviors as buying bottled water or traveling long distances to collect water from a safe source. As with other changes that directly affect consumers' health or socioeconomic status, these financial changes should be considered as overall impacts of the WSP rather than outcomes, and are beyond the scope of this paper.
Policy outcomes
Policy outcomes are often the last to become apparent, because policy change often happens gradually and in stages. This process of policy change begins when WSP knowledge is shared and promoted informally among water utilities and other stakeholders, and continues when these institutions consider the WSP model as a standard of best practice and begin to incorporate the WSP process into their guidelines and methodology. The set of indicators proposed in this paper is by no means intended to replace these valuable tools. Rather than suggesting another way to monitor performance, the set of indicators proposed in this paper contributes to the WSP toolkit by offering a way to evaluate WSP outcomes.
In other words, the Quality Assurance Tool and other existing assessment instruments are designed for the water utility to monitor its progress and ensure that it is consistently meeting its quality standards, while the proposed indicators in this paper were compiled to help the water utility identify and measure the changes that should occur as a result of this progress.
These indicators that measure outcomes hold great potential for the continued implementation and expansion of WSPs worldwide. Having a defined framework for evaluating the effectiveness of a WSP, along with a set of specific and measurable indicators by which to carry out that evaluation, will help implementers assess key WSP outcomes internally, as well as benchmark their progress against other WSPs in their region and globally. It is helpful to note that collaborations among WSPs already exist in various contexts worldwide; for example, there are WSP networks located in Latin America, Africa and the Asia-Pacific region.
These networks exist to provide support, share innovations and facilitate cooperation among WSP implementers. They could also become a platform for scaling up internal WSP evaluation activities and promoting increased accountability and benchmarking among WSPs worldwide. It is our hope that these proposed outcome indicators will be a helpful tool in facilitating the evaluation of WSPs worldwide.
